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(57) ABSTRACT 

In order to bestoW on implantation devices, such as vascular 
prostheses, a certain degree of mechanical consistency and/ 
or properties of tightness, operating in a non-traumatic Way, 
there is envisaged the use of an element With modi?able 
structure. This is an element comprising a hydrophilic body 
that is able to absorb a mass of liquid so as to assume, as a 
result of the absorption of said mass of liquid, a certain 
degree of mechanical consistency. Preferably, the aforesaid 
element With modi?able structure has a base of mixtures of 
polymers such as polyvinyl alcohol and gellan, so as to give 
rise to hydrogels or else ?lms that, in turn, give rise to 
hydrogels by hydration. 
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VARIABLE STRUCTURE ELEMENT FOR 
IMPLANT DEVICES, CORRESPONDING IMPLANT 
DEVICE AND METHOD OF MANUFACTURING 

[0001] The present invention relates in general to implan 
tation devices and has been developed With particular atten 
tion paid to its possible application to arti?cial prostheses for 
the percutaneous treatment (loW-invasive surgery) of vari 
ous vascular diseases, such as peripheral vascular diseases 
Which might arise in various anatomical sites. 

[0002] Various types of vascular prostheses (grafts) are 
knoWn in the art that may possibly be combined With 
supporting structures currently referred to as stents, such as 
to give rise to prostheses Which are at times de?ned as 
“stent-grafts”. 

[0003] In actual fact, the currently used prostheses have 
not completely solved the problems of mechanical retain 
ment and the consequent maintenance in situ. 

[0004] There are knoWn (see, for instance, US. Pat. Nos. 
5,489,295 and 5,562,726) solutions Which envisage the use, 
as ?xing elements, of traumatic means (consisting, for 
example, of hooks located at the ends of the prosthesis), 
Which are liable to damage the tissues in the area of 
implantation, the risk being that of causing adverse phe 
nomena, such as, in cases of particular seriousness, internal 
haemorrhages that may render immediate traditional surgi 
cal treatment necessary. 

[0005] A further problem is represented by the need to 
provide the prosthesis With a sealing system, Which is 
localiZed at least at one end thereof and is likely to prevent 
altogether in?ltration of the blood into the space betWeen the 
internal Wall of the vessel and the external Wall of the 
prosthesis. This phenomenon may increase the likelihood of 
migration of the prosthesis and, in certain cases (for 
instance, in the case of prostheses used for reducing aneu 
rysms) the aforesaid phenomenon of in?ltration may lie at 
the root of a further, undesired expansion of the aneurysm. 

[0006] In US. Pat. No. 5,534,024 there is described an 
intraluminal prosthesis (hereinafter, the terms “intraluminal” 
and “vascular” Will, in effect, be considered equivalent to 
one another, irrespective of their corresponding etymolo 
gies) Which may be implanted in a blood vessel and Which 
has a tubular structure. Speci?cally, it is a structure With a 
double Wall that is able to form one or more chambers that 
can receive a ?uid such as air in order to enable dilation 
and/or stiffening of the prosthesis. 

[0007] Beside the intrinsic complexity of realiZation, the 
use, as the ?uid for in?ating or “sWelling” the prosthesis, of 
air appears to be far from compatible With the possible use 
in the frameWork of the vascular system, in conditions Where 
localiZed out?oW of air, even in minimal amounts, is likely 
to trigger off the dangerous phenomena of thrombogenesis. 

[0008] Substantially similar considerations apply also to 
the solutions described in US. Pat. Nos. 5,156,620, 5,507, 
270, and 5,554,180. In all cases, these are solutions based 
upon the formation, in the body of the prosthesis, of pockets 
Which ought to enable expansion of the prosthesis in situ, by 
in?ating or sWelling it With air and/or by consolidation of the 
prosthesis in the position of implantation by means of 
injections of hardenable plastic materials. 

May 20, 2004 

[0009] As has already been said, the need to bloW air into 
a vascular site, With the possible triggering of phenomena of 
coagulation, renders the corresponding method of interven 
tion someWhat critical. Considerations of an altogether 
similar nature also apply to the problem linked to the 
possible composition of the plastic materials and of the 
catalysts adopted for achieving hardening thereof in situ. 

[0010] In US. Pat. No. 6,117,168 there is described a 
multi-layered tubular device, Which comprises at least one 
?rst layer made of a material that is able to absorb liquid so 
as to increase its volume. This ?rst layer is coupled With a 
layer of non-absorbent material or of a material With a loWer 
capacity for absorption, in order to give rise to a structure 
that is able to expand radially as a result of the absorption of 
a liquid, such as a body ?uid (for example, blood). 

[0011] From US. Pat. No. 6,159,240, there is knoWn a 
device for annuloplastic surgery, Which has a general ribbon 
like or band-like conformation. The device is relatively rigid 
during manipulation and implantation, and becomes more 
compliant after its implantation. 

[0012] Finally, in Italian patent application 
TO99A000218, in the name Sorin Biomedica Cardio S.p.A., 
there is described an intraluminal prosthesis, for instance, 
for the correction of aortic aneurysms, Which comprises a 
body With a tubular Wall, Which can be coupled to reinforce 
ment means for supporting the tubular Wall in a splayed-out 
intraluminal position. The tubular Wall has a structure of a 
fabric type for a given thickness of Wall With at least one 
intraparietal cavity, Which is delimited by the fabric-type 
structure and is able to receive, in a close relationship, at 
least one corresponding part of the reinforcement means, 
represented basically by one or more stent elements. 

[0013] The solutions to Which reference has previously 
been made all belong Within an extremely vast line of 
research, as is demonstrated, not only by the documents 
already cited, but also, for example, by the following US. 
Pat. Nos.: 5,397,345, 5,104,399, 5,256,150, 5,275,622, 
4,787,899, 5,507,771, 5,507,767, 5,041,126, 4,800,882, 
4,580,568, 5,591,195, 5,042,707, 5,554,180, 4,655,771, 
5,211,658, 4,878,906, 5,122,154, 4,562,596, 5,078,726, 
4,740,207, 4,577,631, 5,456,712, 5,527,355, 5,556,414, 
5,258,020, 4,512,338, 5,147,370, 5,549,635, 4,140,126, 
5,123,917, 4,922,905, 5,769,887, 5,133,732, 4,886,062, 
5,443,499, 5,562,725, 5,556,426, 5,522,883, 5,609,627, 
4,950,227, 5,549,663, 5,639,278, 5,092,877, 5,019,090, 
5,591,229, 5,571,173, 5,571,170, 5,360,443, 5,219,355, 
5,464,449, and 5,591,226. 

[0014] For completeness of exposition, it is also advisable 
to mention the Italian document IT-B-1 278 360. In the latter 
document, there is described an intraluminal vascular pros 
thesis, for example for the correction of aneurysms, Which 
comprises a tubular body provided, at least at one of its ends, 
With a collar part that is able to receive inside it a supporting 
structure, such as a stent. This solution is usually obtained by 
folding back on itself the body of the prosthesis at the end 
concerned or, else, by ?xing, typically by suturing, an added, 
collar-type element. 

[0015] The purpose of the present invention is to provide 
an element With a modi?able structure for implantation 
devices that is able to solve the problems linked to the 
solutions according to the prior art, described previously. 



US 2004/0098076 A1 

[0016] According to the present invention, the above 
purpose is achieved thanks to an element having the char 
acteristics referred to speci?cally in the claims that folloW. 

[0017] The invention regards the corresponding implan 
tation device, as Well as the corresponding process of 
fabrication. 

[0018] In brief, the solution according to the invention 
enables an arti?cial intraluminal prosthesis to be obtained, 
Which is coated With biostable, biodegradable and/or biore 
absorbable synthetic polymeric material, capable of modi 
fying its oWn structure by soaking, in order to guarantee an 
adequate mechanical tightness, a sealing action and/or a 
supporting action for the said prosthesis. 

[0019] In particular, the solution according to the inven 
tion enables arti?cial intraluminal prostheses to be obtained, 
Which have, at least in part, a porous tubular structure made 
of material in the form, for example, of knitted biocompat 
ible yarn (such as, PET, PTFE, etc.), to Which there is 
associated at least one element having a modi?able struc 
ture. The above element comprises, for example, a hydro 
philic polymeric coating at the distal end and/or proximal 
end of the prosthesis. If this material is subjected to treat 
ment, it gives rise to a three-dimensional lattice, and, con 
sequently, to a structure that on the Whole is an apertured one 
and Which, in the presence of physiological liquids, is able 
to absorb a mass of liquid (usually Water). The element in 
question thus presents a behaviour Whereby, albeit main 
taining a substantially constant volume, it assumes a good 
non-traumatic mechanical consistency for a desired length 
of time, this, in particular, according to Whether it is to 
behave as a biostable, biodegradable and/or bioreabsorbable 
polymer. 

[0020] The aforesaid sWelling (Which substantially 
resembles the behaviour of a cavernous body, ensures a 
considerable mechanical tightness, at the same time guar 
anteeing sealing of the distal and/or proximal end of the 
prosthesis, thus preventing any possible in?ltration of blood 
betWeen the internal Wall of the lumen treated and the 
external Wall of the prosthesis. 

[0021] The polymeric material used for coating the end 
and/or ends of the prosthesis may be any biostable, biode 
gradable and/or bioreabsorbable synthetic polymer. The 
solutions Which at the moment have proved most advanta 
geous envisage the use of a polyvinyl alcohol and its 
mixtures With natural polymers, such as gellan and/or 
sodium alginate. 

[0022] A polymer of demonstrated characteristics of ther 
mosensitivity, such as to enable modi?cation of its consis 
tency With variation in temperature, may also be chosen. 

[0023] Aprosthesis according to the invention may or may 
not be combined With a supporting structure such as a stent. 
The supporting action may be increased or replaced alto 
gether by coating the prosthesis, either partially or totally, 
With a polymer having the characteristics referred to previ 
ously, combined With various natural polymers and/or 
copolymers, e.g., hyaluronic acid, chitosan and dextran. 

[0024] In the currently preferred embodiment, the solution 
according to the invention is based upon the physical 
crosslinking, comprising repeated cycles of freeZing and 
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thaWing, of the aqueous solutions of polyvinyl alcohol 
(PVA), Which, as end result, furnish a hydrogel With high 
sWelling capacity. 
[0025] A further feature of the invention envisages the 
association, to the polymeric mixture, of therapeutic sub 
stances designed to prevent phenomena of thrombogenesis 
and/or to favour re-groWth of tissue and/or the association of 
elasticiZing substances capable of increasing the biostability 
of the coating described. 

[0026] Even though, in the course of the ensuing descrip 
tion, reference Will be made principally to the application to 
intraluminal prostheses (such as vascular prostheses), it Will 
be appreciated that the element according to the present 
invention may also be used in other implantation contexts, 
for instance, in association With cardiac valves (With the 
function of prosthetic ring) and/or in association With 
implantation devices of the Widest range of types and 
categories, including leads for stimulating cardiac muscle, 
and/or for mapping the cavities of the heart. 

[0027] The present invention Will noW be described, 
purely by Way of non-limiting example, With reference to the 
attached draWings, in Which: 

[0028] FIGS. 1 and 2 are schematic illustrations of the 
modalities of formation of an element according to the 
present invention on an implantation device comprising an 
intraluminal prosthesis; 

[0029] FIGS. 3 and 4 are tWo cross-sectional vieWs taken 
along the lines III-III of FIG. 1 and IV-IV of FIG. 2, 
respectively; and 

[0030] FIGS. 5 to 10 illustrate, Without any intention of 
limiting the scope, different possible variants of embodiment 
of a solution according to the invention. 

[0031] It Will be recalled that, in the most general terms, 
the present invention aims at providing an element having a 
modi?able structure Which can be associated to implantation 
devices such as intraluminal prostheses. The modi?cation of 
the structure of the element is such as to give rise to an effect 
of support/tightness of the implantation device as a Whole, 
and, in particular as regards intraluminal prostheses, of the 
proximal and/or distal areas of the prosthesis itself. 

[0032] By Way of introduction to, and integration of, the 
ensuing detailed description, in What folloWs, a number of 
considerations are made Which refer to materials of proven 
biocompatibility that can be used according to criteria 
underlying the present invention, and, in particular, for 
favouring anchorage of an intraluminal vascular prosthesis 
according to the criteria that form the basis of the invention. 

[0033] Herein, materials of a synthetic and/or biological 
nature are considered, Which are capable of forming hydro 
gels, or ?lms Which, in any case, are converted into hydro 
gels once they are hydrated. The above materials generally 
consist of hydrophilic-polymer molecules, Which are mutu 
ally crosslinked by means of chemical bonding or other 
forces of cohesion. 

[0034] Hydrogels 
[0035] These are materials capable of holding large quan 
tities of Water, Which, hoWever, once appropriately treated, 
are insoluble therein. These materials are versatile, given 
that they can be rendered more or less hydrophilic through 
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the copolymeriZation of tWo or more monomers. Their 
capacity for absorbing Water derives from the presence of 
hydrophilic functional groups located on the polymeric 
chain, such as, for example, —OH, —NH2, —SO3H, 
—CONH2, and —COOH. The fact that these materials are 
insoluble in Water depends, instead, upon the presence of a 
three-dimensional structure due to the crosslinking betWeen 
the polymer chains. They are, in fact, three-dimensional 
netWorks, in Which the crosslinking points are, in general, 
constituted by covalent or ionic bonds. 

[0036] The capacity of these materials for absorbing and 
holding aqueous solutions (referred to as “sWelling”), sub 
sequently maintaining a constant volume, not only bestoWs 
on the hydrogels a marked resemblance to the highly 
hydrated tissues of the human body, above all from the 
mechanical standpoint, but also renders them permeable to 
small molecules such as oxygen, nutrient substances, and 
metabolites. The soft and rubbery consistency of the sWollen 
hydrogels minimiZes irritation of the cells and surrounding 
tissues due to friction, Whilst the loW interface tension With 
the aqueous solvents, due to the large quantity of liquids 
contained, reduces the absorption of the proteins. 

[0037] PVA Hydrogels 

[0038] Polyvinyl alcohol (PVA), knoWn both for its good 
characteristics of biocompatibility and absence of toxicity, 
and for its availability on the market at a loW cost, is Widely 
used for the preparation of hydrogels. Among the various 
techniques used for producing PVA hydrogels, one of the 
most interesting is the one described in the Japanese patent 
57130543 in the name of Nanbu Masao, Nippon Oil Co. Ltd, 
“Preparation of Gel”. This technique is based upon physical 
crosslinking, Which consists in repeated cycles of freeZing 
and thaWing of the aqueous solutions of PVA. The above 
freeZing-thaWing cycles lead to formation of crystallites, 
Which act as centres of crosslinking betWeen the PVA chains, 
and, as end result, a hydrogel is obtained With high sWelling 
capacity. 

[0039] PVA-Based Films and Natural Polymers 

[0040] PVA-based ?lms and biological macromolecules of 
a polysaccharide nature, such as gellan and sodium alginate, 
can be obtained by means of the technique of evaporation of 
the solvent starting from aqueous solutions of the tWo 
polymers mixed in amounts such as to obtain various Weight 
ratios. 

[0041] In particular, as far as PVA-based ?lms and gellan 
based ?lms are concerned, the characteriZations of the 
gellan-PVA ?lms reveal a good thermal and mechanical 
stability of the ?lms obtained, Which present a dense and 
homogeneous structure. The tests for release of PVA indicate 
that the treatment With glutaric aldehyde (GTA) is effective 
in stabiliZing the material, markedly reducing the loss in 
Water of the synthetic polymer from the various ?lms. 

[0042] SWelling tests Were carried out by measuring the 
diameter and thickness of the ?lms in the form of small disks 
both before and after the disks Were dipped in Water. 

[0043] The above tests revealed a considerable increase in 
thickness of the ?lms depending upon the composition, 
Whilst the diameter remained practically constant for all 
gellan/PVA ratios higher than 20/80. 
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[0044] Gellan (GE) or gellan gum is the name of the 
extra-cellular polysaccharide produced by the microorgan 
ism Sphingomonas Elodea. As it is secreted, this polysac 
charide contains O-acetyl groups, Which are easily removed 
by heat treatment With alkaline solutions. 

[0045] Gellan is an anionic hetero-polysaccharide With a 
molecular Weight of approximately 0.5><106 Daltons. It is 
Widely used in the food industry. In particular, in 1992 the 
US. Food and Drug Administration alloWed its use as 
stabiliZing and thickening agent, and in biotechnologies, 
thanks to its capacity for forming transparent gels that are 
acid-resistant and heat-resistant. Other applications include 
deodorant gels, and industrial gels and ?lms. 

[0046] The transformation of gels is due to a heat-revers 
ible conformational transition, folloWing upon Which they 
pass from a state of individual disorderly macromolecules to 
an orderly state in Which tWo macromolecules associate to 
form a double helix. One macromolecule may be involved 
in the formation of more than one helix. In this Way, there 
are created areas of joining betWeen helices With parallel 
alignment and consequent formation of gel. The temperature 
of sol-gel transition depends upon the concentration, and is 
around 30° C. for gellan concentrations of approximately 0.5 
Wt %. 

[0047] Gellan may be obtained, for example, from the 
company Sigma-Aldrich s.r.l. of Milan, under the commer 
cial name of “GELRITE Gellan Gum”. In the tests docu 
mented in What folloWs, the above material Was developed 
for the preparation of the membranes and of the dippings. 

[0048] Polyvinyl alcohol (PVA) is a Widely available 
product. For instance, it can be obtained from Sigma 
Aldrich s.r.l. of Milan, With a molecular Weight comprised in 
a rather Wide range, 30,000-100,000. 

[0049] Experimental Tests 

[0050] A ?rst set of experimental tests highlighted the fact 
that, in the case of the PVA- and glycerin-based system, the 
PVA/glycerin hydrogel With 10% PVA and glycerin 1:4 has 
the particularly preferential requisites for being used as 
coating of a prosthesis according to the invention, on 
account of its high degree of elasticity and on account of its 
good capacity for adhering to the surface of the prosthesis. 

[0051] In the case of gellan/PVA-based mixtures, good 
results are obtained With the PVA/GE mixture of 70/30. In 
this case, hoWever, the capacity for adhesion to the surface 
of the prosthesis appears to be less satisfactory. 

[0052] Starting from the above results, it appears in gen 
eral to be advantageous to be able to optimiZe the percentage 
of sWelling (for example, in the region of 30%), thus 
enabling a drastic reduction in the overall dimensions of the 
gel prior to implantation. 

[0053] As far as PVA hydrogels are concerned, it has 
proven useful to add gellan to the solution obtained previ 
ously, precisely in order to bestoW thereon a higher percent 
age of sWelling. 

[0054] As regards PVA ?lms, the sWelling found is con 
siderable. It is therefore important to identify a percentage 
ratio With the gellan that is capable of bestoWing on the 
solution a capacity for adhesion to the surface of the 
prosthesis still better than the one obtained With the ratio 
70/30. 
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[0055] In both cases, it is advantageous to have recourse 
to the method of application of the ?lm or of the gel on the 
prosthesis through optimiZation of the dipping system, i.e., 
to identify an alternative system, or else to make a special 
mould. 

[0056] 
ably: 
[0057] (1) the thickness of the ?lm or sWollen gel should 
not preferably exceed 1 mm; 

[0058] (2) the ?lm should preferably sWell toWards the 
outside of the implantation device; and 

[0059] (3) the element (?lm or gel) should not usually coat 
the entire graft, but only a short stretch of the end (for 
example, approximately 1 cm for prostheses having a diam 
eter of 26 mm, and approximately 5 mm for prostheses 
having a diameter of 12 

[0060] The thickness of the ?lm or gel must be as uniform 
as possible along the entire circumference of the prosthesis. 

[0061] PVA/Gellan Films of Different Concentrations 

[0062] A solution of gellan and PVA is used in order to 
form a thin ?lm capable of sWelling in an aqueous solution 
by approximately 100-200% of its oWn initial thickness. 

In this connection, it should be noted that prefer 

[0063] The materials used for the tests Were the folloWing: 

[0064] (1) polyvinyl alcohol (PVA), 99+hydrolyZed %, 
average molecular Weight: 30000-100000; 

[0065] (2) gellan (GELRITE Gellan Gum); 
[0066] (3) distilled (or de-ioniZed) Water; and 
[0067] (4) portions of intraluminal prosthesis. 

[0068] Test Procedure 

[0069] TWo doses of one gram each of gellan and PVA are 
prepared. 
[0070] TWo 250-ml beakers are prepared With 100 ml of 
de-ioniZed Water and are put on hot plates set at a tempera 
ture higher than 70° C. 

[0071] The dose of PVA, together With a stirrer, is poured 
into one of the tWo beakers, With the Water still cold. The 
solution is left to heat up by activating the stirrer in rotation 
up to complete dissolution of the product in the Water (this 
occurs in the range of a couple of hours at the most). 

[0072] A thermometer is set in the second beaker and, 
When the temperature exceeds 75° C., the dose of gellan is 
poured in. The time required for obtaining a good solution 
is in the region of three to four hours. 

[0073] For each of the above solutions, samples are taken, 
Which are poured into petri dishes for controlling dry 
thickness (the dishes must be set to dry under a hood Without 
their lids on a perfectly horiZontal surface). 

[0074] At the same time, tubular pieces of prosthesis are 
prepared (polyester grafts), approximately 25 mm long, and, 
With the aid of a support, they are dipped, some into one 
solution and others into the other solution. They are then 
hung up to drip on the special support, after Which they are 
dried in an oven at 60° C. This operation is carried out a 
number of times to obtain an adequate thickness of gel on 
the prosthesis. The entire operation is de?ned as “dipping”. 
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[0075] The samples are then subjected to analysis by a 
scanning electron microscope (SEM) to evaluate both their 
surface and their cross section. 

[0076] Tests for sWelling of the membranes The samples 
that have been dried in the petri dishes are detached With the 
aid of a pair of tWeeZers, after Which, With the aid of a mould 
of normaliZed diameter, a sample disk is prepared for each 
concentration. Each disk is measured to detect the effective 
initial thickness. Next, each disk is dipped in 10 ml of 
de-ioniZed Water. The thickness is measured at different time 
intervals (5 min, 10 min, 20 min, 30 min, 1 h, 2 h, 4 h) to 
assess the percentage sWelling and the kinetics of the 
sWelling. 

[0077] The degree of sWelling of the material in the form 
of the ?lm can be expressed by the ratio betWeen the 
variation in volume after the stay in Water and the volume of 
the dry ?lm, according to the folloWing relation: 

[0078] Where V0 is the initial volume of the ?lm in the dry 
state, Vn is the corresponding volume at the time n and S % 
is the percentage degree of sWelling. 

[0079] The measurements are made directly on the sample 
(each check is the average of ?ve measurements made one 
after the other in slightly different positions). 

[0080] The increase in the percentage of gellan With 
respect to PVA determines a considerable increase in the 
percentage of sWelling of the ?lm. In the tests conducted, 
percentages of sWelling in the range of 100% to 400% Were 
found. Through these results, it is thus possible to choose the 
most suitable solution for the particular requirements. 

[0081] Vapour-Phase Crosslinking 

[0082] In order to obtain a stable polymer, crosslinking 
thereof is obtained by means of a chemical treatment Which 
envisages the use of glutaric aldehyde. 

[0083] In general, the materials thus obtained are insoluble 
in an aqueous environment even though they conserve the 
capacity for absorption of considerable amounts of Water. 

[0084] In order to carry out the sWelling tests, the coated 
grafts are subjected to tests altogether similar to the ones 
conducted for the polymer ?lms. 

[0085] Small portions of impregnated graft (squares mea 
suring approx. 4 mm per side) Were cut out, and the samples 
Were put into petri dishes and Wetted With 10 ml of de 
ioniZed Water. 

[0086] At regular intervals (2.5 min, 5 min, 10 min, 30 
min, 1 h, 2 h), the measurements of thickness Were taken to 
assess the degree of sWelling. 

[0087] If the kinetics of variation of the thickness is 
carefully observed, it is noted that: 

[0088] (1) the percentage of sWelling decreases propor 
tionally for all the different solutions tested (crosslinking 
does not alter the initial characteristics); 

[0089] (2) the crosslinked solutions, after rapid groWth in 
the ?rst ten minutes, tend to stabiliZe at around half an hour, 
then remaining constant until the tWo hours have-elapsed; 
and 
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[0090] (3) the non-crosslinked solutions, instead, increase 
more rapidly (the peak of swelling is reached in the ?rst ten 
minutes), after Which the thickness tends to diminish at a 
constant rate. 

[0091] In order to obtain a better understanding of the 
kinetics of the crosslinked and non-crosslinked solutions, 
the test Was carried out on a number of graft samples coated 
With the same number of layers of PVA/GE 80/20. Half of 
the samples Were crosslinked. 

[0092] The sWelling test folloWed the procedure used 
previously. 
[0093] The crosslinked samples thus obtained Were much 
more stable than the non-crosslinked ones, Which, after the 
initial sWelling, proved to have released substances in the 10 
ml of de-ioniZed Water in Which they Were dipped, Which 
can be estimated at around 30%. In order to determine the 
quantity of gellan and PVA that Were dissolved in Water, 
release tests Were carried out. 

[0094] Test for Release of PVA 

[0095] The quantitative determination of the PVA Was 
made using a method that envisages the use of iodine. 

[0096] The latter, in the presence of boric acid, Which acts 
as stabiliZer, binds to the PVA, forming a coloured complex, 
Which can be detected spectrophotometrically at 690 nm. 
The method has a sensitivity Within a range of betWeen 0-20 
mg/l. The procedure adopted is described in What folloWs. 

[0097] In the presence of free PVA, a greenish colouring 
develops immediately, Which is detected at the spectropho 
tometer. 

[0098] The solution prepared from the non-crosslinked 
sample underWent a colour change onto green, Whilst the 
other solution remained of-the same colour as the basic 
solution. 

[0099] Test for Release of Gellan 

[0100] The quantitative determination of the gellan 
released by the gellan/PVA ?lm, both as such and 
crosslinked, Was made using a spectrophotometric method 
knoWn in the literature, Which is based upon acidic hydroly 
sis of the polysaccharide. 

[0101] The subsequent reaction of the monosaccharides, 
Which is produced With cobaZol, produces a purple colour 
ing, Which is detected at 530 nm. 

[0102] The method has a sensitivity Within a range of 
betWeen 0-40 pig/ml. 

[0103] The tests performed shoWed that the crosslinking 
acts on both of the elements of the solution, reducing the 
amount released to the limits of sensitivity of the methods of 
measurement. 

[0104] Preparation of PVA/Gellan Hydrogels at Different 
Concentrations 

[0105] The materials used for the preparation tests Were 
the folloWing: 

[0106] (1) polyvinyl alcohol (PVA), 99+hydrolysed %, 
average molecular Weight: 30000-100000; 

[0107] (2) gellan (Gelrite Gellan Gum); 
[0108] (3) glycyl alcohol (glycerol or glycerin) available 
from Sigma Aldrich s.r.l. of Milan; 
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[0109] (4) distilled (or de-ioniZed) Water; and 

[0110] (5) portions of intraluminal prosthesis. 

[0111] The procedure for PVA/GE 80/20 and 70/30 solu 
tions, With glycyl alcohol in a PVA/glycerin ratio of 1:4 is as 
folloWs. For 100 ml of solution, tWo 5-g doses of PVA are 
prepared. If a PVA/GE 80/20 solution is to be prepared, it is 
necessary to calculate the corresponding amount of gellan, 
Which is obtained from the folloWing relation: 

5:80=x:20 

[0112] 
x=(20><5)/80=1.25 g of gellan. 

Where X is the amount of gellan to be prepared: 

[0113] Consequently, 1.25 g of gellan We prepared. 

[0114] In the case of the 70/30 solution, the amount of 
gellan to be prepared is 2.14 g. Given that the ratio betWeen 
PVA and glycerin is 1:4, 20+20 g of glycerin are poured into 
tWo petri dishes. 

[0115] TWo 200-ml bottles With stoppers are prepared With 
100 ml of de-ioniZed Water each and are put on the hot plates 
set at a temperature of approximately 95° C. 

[0116] As soon as the temperature of the Water in the tWo 
bottles exceeds 80° C., the dose of gellan is added to each 
bottle. 

[0117] Once the gellan has dissolved completely in the 
Water, the PVA is added. 

[0118] Once the PVA has dissolved completely in the 
Water+gellan solution, the glycerin is added. Of these solu 
tions, 10 ml and 5 ml are taken and put into tWo petri dishes 
for carrying out control of thickness dry. 

[0119] Pieces of tubular grafts (polyester grafts), approxi 
mately 25 mm long, are prepared, and, With the aid of a 
support, are dipped in the respective solutions, and then 
hung up to drip on the special support, after Which they are 
put to dry in an oven at 60° C. This operation is carried out 
a number of times to obtain an adequate thickness of gel on 
the prosthesis. 

[0120] The hydrogels are obtained by means of the freeZe 
thaW method, i.e., a series of eight cycles of freeZing and 
thaWing, Which bestoW on the hydrogels the required char 
acteristics of sWelling. 

[0121] With the exception of the ?rst cycle, Which consists 
in maintaining the samples in the freeZer overnight at 
approximately —20° C. (so-called “overnight cycle”) and in 
the subsequent thaWing at room temperature for approxi 
mately half an hour, the other seven cycles envisage a 
freeZing step lasting one hour, again at —20° C., folloWed by 
a thaWing step lasting 30 min at room temperature. 

[0122] The hydrogels thus obtained are ready for being 
subjected to tests of drying-sWelling in Water, in order to 
evaluate the thickness and elasticity of the material after loss 
of Water and subsequent re-hydration. 

[0123] The need to deposit a uniform layer of polymer on 
the surface of the prosthesis suggests the need to develop a 
method for application of the polymer that is alternative to 
mere dipping. 

[0124] The method further guarantees a minimum thick 
ness of the ?lm on the inside of the prosthesis Which Will, in 
any case, maintain contact With the external layer of ?lm. 
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[0125] The process envisages the use of a spindle, ?xed to 
a motor, Which drives it at an adjustable r.p.m., the graft 
being ?tted onto the spindle and the tWo ends (approx. 5 mm 
per side) of the graft being left free. After the ?lm has been 
spread over the outer surface of the free ends, the speed of 
the spindle is adjusted to the minimum rpm. in order to 
distribute the layer of ?lm uniformly. 

[0126] The layer of ?lm deposited tends to dry in about 
one hour. It is thus necessary to add solution every 30 to 40 
min for an adequate number of times. 

[0127] Analyses carried out under a scanning electron 
microscope (SEM) and under an optical microscope, for 
example, indicate that a sample obtained after 8 depositions 
of polymer (at the end of Which the prosthesis is put into an 
oven and kept at 37° C. overnight to dry) reveals excellent 
uniformity of the polymer (approx. 10 pm) over the surface 
of the prosthesis. 

[0128] In particular, the method just described can be used 
to form annular supporting and/or sealing structures at one 
or both ends (i.e., the proximal and distal ends) of an 
intraluminal prosthesis, designated as a Whole by 1 in FIGS. 
1 and 2. 

[0129] Precisely if account is taken of the absolute gen 
erality of the context of application of the invention, the 
prosthesis 1 in question is simply represented in the form of 
a tubular structure, hence, altogether irrespective of the 
speci?c Ways in Which the prosthesis may be made (Which 
are deemed to be knoWn to the prior art, and hence, such as 
not to require any detailed description herein). 

[0130] In particular, the reference numbers 10 and 20 
designate tWo band-like or ribbon-like annular formations 
made at the proximal end and/or the distal end of the 
prosthesis 1. It Will be appreciated that each of the forma 
tions 10, 20 may extend exactly at the ends or else at a 
certain distance from the end edge or marginal edge of the 
corresponding end. In this connection, in both FIG. 1 and 
FIG. 2, there is noted the presence of a collar 101, Which 
separates the annular element 10 from the homologous end 
of the prosthesis 1. 

[0131] The reference number 40 designates the spindle 
referred to previously, Whilst 50 designates as a Whole the 
brush (or structurally equivalent element) used for forming 
the elements 10, 20. 

[0132] The solution illustrated in FIGS. 1 and 3 is, as a 
Whole, equivalent as regards the present invention to the one 
illustrated in FIGS. 2 and 4. The latter ?gures differ from 
FIGS. 1 and 3 only in that the prosthesis or implantation 
device 1 carries associated thereto (set inside it, in the 
example illustrated herein) a tubular element for dilation and 
support of the type currently designated as “stent”. The said 
element is designated by 30 in the attached draWings. 

[0133] FIGS. 5 to 10 illustrate (once again Without any 
intention of limiting the scope of the invention) a number of 
possible variants of application of the solution according to 
the invention to intraluminal prostheses having an overall 
tubular structure. 

[0134] In particular, FIGS. 5 and 6 refer to the possibility 
of providing a supporting/sealing element according to the 
invention both just at one end (see the element 20 in FIG. 
5) and at both ends (see the elements 10 and 20 in FIG. 6) 
in the prosthesis 1. 

[0135] FIG. 7 shoWs that the solution according to the 
invention is suitable for being used not only for performing 
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an action of support/sealing at the ends of the prosthesis 1, 
but also over practically the entire longitudinal development 
of the prosthesis 1. 

[0136] In the speci?c case of the example illustrated in 
FIG. 7, in addition to the end elements 10 and 20, there is 
envisaged the application on the prosthesis 1 of an element 
60, Which in itself is structurally identical to the elements 10 
and/or 20 but extends throughout the entire longitudinal 
development of the prosthesis 1 according to a general 
helical path. 

[0137] It is altogether evident that the development 
according to a helical path is here cited purely by Way of 
example: the development could, in fact, be altogether 
different, comprising, for instance, an array of annular bands 
or ribbons basically similar to the elements 10 and 20 
distributed throughout the length of the prosthesis 1, or else, 
a substantially continuous element Which extends according 
to a path different from a helical path, for example, a ZigZag 
path. 
[0138] Again, the intermediate element 60 does not nec 
essarily need to extend over the entire longitudinal devel 
opment of the prosthesis 1, given that such an element may 
regard only one part of the overall length of the prosthesis 
1. Again, in the case of a helical path (or equivalent path), 
the element 60 may be provided on the prosthesis 1 With a 
pitch different from a constant pitch (as is the case of the 
scheme illustrated in FIGS. 7 and 8), so as to present 
selectively variable pitches in order to render different 
portions of the longitudinal development of the prosthesis 1 
alternatively and relatively more resistant and more com 
pliant. 
[0139] The solutions illustrated in FIGS. 8 to 10 are, 
respectively, similar to the solutions represented in FIGS. 5 
to 7, Which have just been described, With the difference 
represented by the presence, inside the prosthesis 1 of FIGS. 
8 to 10, of a stent element designated as a Whole by 30. 

[0140] The positioning and/or spreading-out in situ of 
devices such as the ones illustrated in the ?gures of the 
attached draWings may be according to altogether knoWn 
criteria, Which consequently do not need to be recalled 
herein. 

[0141] Of course, Without prejudice to the principle of the 
invention, the details of construction and the embodiments 
may vary Widely With respect to What is described and 
illustrated herein, Without thereby departing from the scope 
of the present invention as de?ned in the ensuing claims. 

What is claimed is: 
1. An element With modi?able structure for association to 

an implantation device, Wherein the element is made up of 
a body that is able to absorb a mass of liquid so as to assume, 
as a result of the absorption of said mass of liquid, a certain 
degree of mechanical consistency. 

2. The element according to claim 1, Wherein said body 
has an apertured structure. 

3. The element according to claim 2, Wherein said aper 
tured structure is in the form of a three-dimensional lattice. 

4. The element according to claim 1, Wherein said body is 
con?gured essentially as a cavernous body. 

5. The element according to claim 1, Wherein, during 
absorption of said mass of liquid, said body maintains a 
substantially constant volume. 
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6. The element according to claim 1, wherein said body is 
polymer-based, With a polymer chosen from among bio 
stable polymers, biodegradable polymers and bioabsorbable 
polymers. 

7. The element according to claim 1, Wherein said body is 
synthetic polymer-based. 

8. The element according to claim 1, Wherein said body 
has a polyvinyl alcohol (PVA) base. 

9. The element according to claim 1, Wherein said body 
comprises mixtures of natural polymers. 

10. The element according to claim 9, Wherein said 
natural polymers are chosen from the group consisting of 
gellan, sodium alginate, hyaluronic acid, chitosan, deXtran, 
and combinations thereof. 

11. The element according to claim 1, Wherein said body 
is based on a material With characteristics of thermosensi 
tivity, so as to be able to modify its oWn consistency With 
variation of temperature. 

12. The element according to claim 1, Wherein said body 
is hydrogel-based. 

13. The element according to claim 12, Wherein said 
hydrogel is obtained starting from aqueous solutions sub 
jected to freeZing and thaWing. 

14. The element according to claim 1, Wherein said body 
is based on a polymeric mixture. 

15. The element according to claim 1, Wherein added to 
said body are substances selected from the group consisting 
of: 

(1) substances able to prevent phenomena of thrombo 
genesis; 

(2) substances able to favour re-groWth of tissue; and 

(3) elasticiZing substances. 
16. The element according to claim 1, Wherein said body 

is based on materials that are able to form hydrogels or ?lms 
that can be transformed into hydrogels by hydration. 

17. The element according to claim 1, Wherein said body 
is based on hydrophilic polymer molecules crosslinked 
together. 

18. The element according to claim 1, Wherein said body 
is constituted starting from aqueous solutions of polymers 
miXed in amounts such as to obtain the pre-determined 
Weight ratios and subsequent evaporation of the solvent. 

19. The element according to claim 1, Wherein, in said 
body, there is present in combination a polysaccharide. 

20. The element according to claim 19, Wherein said 
polysaccharide is chosen from among gellan, sodium algi 
nate, and combinations thereof. 

21. The element according to claim 19, Wherein said body 
is based on polyvinyl alcohol and gellan. 

22. The element according to claim 19, Wherein in said 
body there is present an addition of glycerin. 

23. The element according to claim 21, Wherein the ratio 
betWeen gellan and polyvinyl alcohol is betWeen 5/95 and 
20/80. 

24. The element according to claim 23, Wherein said ratio 
is substantially 20/80. 

25. The element according to claim 1, Wherein said body 
is based on a polymer that has undergone crosslinking. 

26. The element according to claim 25, Wherein said body 
comprises a polymer that has undergone crosslinking via 
chemical treatment. 
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27. The element according to claim 26, Wherein said 
polymer is a polymer that has undergone crosslinking via the 
use of glutaric aldehyde (GTA). 

28. The element according to claim 13, Wherein the 
preparation of said hydrogels comprises repeated cycles of 
freeZing and thaWing. 

29. An implantation device, Wherein it has associated 
thereto an element With a modi?able structure of claim 1. 

30. The implantation device according to claim 29, 
Wherein said element is applied in the form of an annular 
structure. 

31. The implantation device according to claim 29, 
Wherein said element With a modi?able structure is provided 
according to a general helical path. 

32. The implantation device according to claim 29, 
Wherein the device comprises a prosthesis of an overall 
tubular shape having associated thereto said element With 
modi?able structure as element of consolidation and/or 
tightness. 

33. The implantation device according to claim 32, 
Wherein said element With modi?able structure has an 
overall annular shape and is associated to at least one of the 
ends of said tubular prosthesis. 

34. The implantation device according to claim 29, 
Wherein said element With modi?able structure comprises a 
reinforcement Which eXtends over the development of the 
body of the implantation device. 

35. The implantation device according to claim 29, 
Wherein said element With modi?able structure is set, at least 
in part, on the outer surface of said implantation device. 

36. The implantation device according to claim 35, 
Wherein said element With modi?able structure forms, on the 
outer surface of the implantation device, a sealing formation 
betWeen the implantation device and the treated lumen. 

37. The implantation device according to claim 29, 
Wherein it further comprises a supporting structure of the 
stent type. 

38. Aprocess for making an implantation device accord 
ing to claim 29, Wherein the body of said element With 
modi?able structure is applied on the implantation element 
by dipping. 

39. The process for making an implantation device 
according to claim 29, Wherein the body of said element 
With modi?able structure is applied on the implantation 
element by spreading. 

40. The process according to claim 39, applied to an 
implantation device of a tubular shape, Wherein the process 
comprises: 

mounting the implantation device on a rotary spindle; 

controlling rotation of said spindle and of the implantation 
device mounted thereon; 

providing a source of supply of material Which can 
constitute the body of said element With modi?able 
structure; and 

approaching said source to said implantation device 
driven in rotation by said spindle, determining the 
application of said material on the implantation device 
according to a path of rotation. 

* * * * * 


